Introduction
Acinetobacter baumannii is an aerobic, non-fermentative, gram-negative, nonmotile, cocco-bacilli harboring a number of effective virulence factors. 1 The organism is able to survive under a wide range of environmental conditions and persists for extended periods of time on surfaces, which makes them a frequent cause of infection outbreak and healthcare-associated infection. 2 The main problem caused by A. baumannii in the hospital setting mostly concerns critically ill patients in intensive care units (ICUs), particularly those requiring mechanical ventilation, and patients with the wound or burn injuries. Infections associated with A. baumannii include ventilatorassociated pneumonia, skin and soft tissue infections, wound infections, urinary tract infections, secondary meningitis, and blood-stream infections. 3 Acinetobacter baumannii has emerged as a significant MDR nosocomial pathogen worldwide and has been reported increasingly during the last decade, probably due to the increasing use of broad-spectrum antibiotics in hospitalized patients. 4 The Infectious Diseases Society of America (ISDA) stated A. baumannii as one of the "red alert" pathogens that greatly threaten the utility of our current antibacterial armamentarium. 5 Numerous studies have indicated an upward trend in the prevalence of MDR A. baumannii, but resistance rates can vary widely according to the individual hospital, city, or country involved. Because MDR Acinetobacter infection usually occurs in severely ill patients, the associated crude mortality rate is high, ranging from 26% to 68%. 6 Multidrug-resistant A. baumannii has developed resistance to most of the available antibiotics including carbapenems, which are the drugs of choice in the treatment of severe infections. 7 The main mechanism for β-lactam resistance in A. baumannii corresponds to efflux pumps, porin mutations, and the production of acquired β-lactam hydrolyzing enzymes, ie, Class A (extended-spectrum β-lactamases, ESBLs), class B (metallo-β-lactamases, MBLs), Class C Ampicillinase (AmpC) as well as class D β-lactamases. Carbapenem resistance due to MBL and other carbapenemases production has a potential for rapid dissemination in hospital settings, as it is often plasmid-mediated and early detection of drug resistance is necessary for proper selection of antibiotics to treat A. baumannii infections in hospitalized patients and to initiate effective infection control measures to prevent their dissemination in hospital settings. 8, 9 Keeping the above views in mind, the study was carried out on A. baumannii isolated from hospitalized patients to determine their antibiotic susceptibility patterns, to identify MDR strains and to detect various β-lactamases among MDR isolates.
Materials and Methods
The laboratory-based study was conducted at the Department of Clinical Microbiology, Tribhuvan University Teaching Hospital (TUTH), a tertiary care center of Nepal from January 2017 to December 2017 (over a period of 12 months). All clinical specimens collected from the hospitalized patients suspected with infections representing different body sites (sputum, bronchoalveolar lavage, endotracheal aspirate, pus and swab specimens, different body fluids, urine, blood, catheter tips, etc.) were processed according to standard microbiological methods recommended by American Society for Microbiology (ASM) for isolation and identification of A. baumannii.
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Antibiotic Susceptibility Testing (AST)
The susceptibility of A. baumannii isolates against different antibiotics was determined by the modified KirbyBauer disk diffusion method on Mueller-Hinton agar and interpreted following standard procedures recommended by the Clinical and Laboratory Standards Institute (CLSI), Wayne, USA. 11 The antibiotic sensitivity profile of all the isolates of A. baumannii were determined by testing against ampicillin-sulbactam (10/10 μg), ceftazidime (30 μg), gentamicin (10 μg), ciprofloxacin (5 μg), levofloxacin (5 μg), meropenem (10 μg), and imipenem (10 μg). The isolates that were resistant to at least one antimicrobial from three different groups of abovementioned antibiotics (ie, MDR isolates) were also tested against piperacillin (100 μg), piperacillin-tazobactam (100/ 10 μg), cefotaxime (30 μg), cefepime (30 μg), cotrimoxazole (25 μg), amikacin (30 μg), doxycycline (30 μg), polymyxin B (300 units), and colistin sulfate (10 μg) from HiMedia Laboratories, India. 
Identification of MDR Isolates
Detection of AmpC β-Lactamase Producers
Acinetobacter baumannii producing a zone of inhibition <18 mm for cefoxitin (CX, 30 μg) disk was tested for AmpC β-lactamase production. AmpC β-lactamase was detected by the AmpC disk test. In this method, cefoxitin susceptible Escherichia coli indicator strain (ATCC 25922) was inoculated on standard MHA plate to form a lawn culture and a cefoxitin disk was placed. A blank disk of 6 mm diameter moistened with Tris-EDTA buffer was inoculated with few colonies of test strain and placed next to the cefoxitin disk. The plates were incubated at 37°C overnight. After overnight incubation, an indentation in the cefoxitin inhibition zone adjacent to the disk containing test strain was considered positive for AmpC β-lactamase production.
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Detection of Metallo β-Lactamase (MBL) and Klebsiella pneumoniae Carbapenemase (KPC) Producers
The isolates were subjected to detection of MBL and KPC production when resistant to meropenem (MEM, 10 μg). The combination meropenem disk method was applied for detection and differentiation of MBL, KPC or co-producer of KPC/MBL as described by Tsakris et al 14 In this test, four disks were used; (a) MEM = a plain MEM disk (10 μg), (b) MEM+EDTA = MEM disk (10 μg) with 292 μg of EDTA, (c) MEM+phenyl-boronic acid (PBA) = MEM disk (10 μg) containing 400 μg of PBA, and (d) MEM+EDTA+PBA = MEM disk (10 μg) with both 292 μg of EDTA and 400 μg of PBA. The EDTA acts as an inhibitor of MBL while PBA is a KPC inhibitor. The test was performed by inoculating a Mueller-Hinton agar with test organism as given for the standard diffusion method and four disks were applied. After incubation of overnight at 37°C, the ZOI diameter around MEM+EDTA, MEM+PBA, and MEM+EDTA+PBA disks was compared with that around the plain MEM disk. Production of MBL was considered when the ZOI diameter around the MEM+EDTA and MEM+EDTA+PBA disks was increased ≥5 mm than ZOI diameter around the MEM disk alone. Production of KPC was considered when the ZOI diameter around the MEM+PBA and MEM +EDTA +PBA disks was increased ≥5 mm than ZOI diameter around the MEM disk alone. The coproduction of both KPC and MBL enzymes was considered when the ZOI diameter around the MEM+EDTA +PBA disks was increased ≥5 mm than ZOI diameter around the MEM disk alone. It should be noted that the concentration of PBA and EDTA employed in the present study did not show any detectable effect on bacterial growth.
Data Processing and Analysis
Data regarding patient demographics, specimens, wards, antibacterial profiles, resistance determinants were analyzed using SPSS 16.0 version and interpreted according to frequency distribution and percentage.
Results
During the study period, a total of 177 A. baumannii were isolated. Out of the total A. baumannii isolates, most of them (N=161, 91.0%) were identified as MDR.
Distribution of MDR Acinetobacter baumannii
Out of 161 MDR isolates, the majority (47.2%) were isolated from respiratory tract specimens (ie, sputum, bronchoalveolar lavage, and tracheal aspirate) followed by pus and swabs, body fluids, urine, blood and least were from catheter tips (1.2%) ( Table 1 ). Among total MDR isolates, 58.3% were isolated from male and 41.7% were from female patients, with male to female ratio 1.4. The highest number of isolates were from male patients with age group ≥65 years (14.9%) and the least number was isolated from a female patient with age group 49-64 years (5.0%) ( Table 2) . Similarly, the higher number of MDR isolates were isolated from ICU patients (49.6%) followed by surgical wards (19.9%) and medical wards (14.3%), while the lowest number from burn wards (1.9%) ( Table 3) .
Antibiogram of MDR Acinetobacter baumannii
The antibiotic sensitivity profile shows that most of the MDR isolates were resistant to the majority of first-line antibiotics. Among them, all isolates were completely resistant to piperacillin and cefotaxime. Similarly, 99.4% were resistant to ceftazidime and cefepime, 98.7% to cotrimoxazole, 95% to piperacillin-tazobactam and ciprofloxacin, 93.8% to gentamicin, 89.4% resistant to ampicillin-sulbactam and meropenem. Only 11.8%, 12.4%, 13.6%, and 37.9% were sensitive to levofloxacin, imipenem, amikacin, and doxycycline, respectively. All the MDR isolates were completely sensitive to only last resort antibiotics, ie, polymyxin B and colistin sulfate (Figure 1) .
ESBL, AmpC, MBL, and KPC Production in MDR Acinetobacter baumannii
In this study, the rate of β-lactamases production among MDR isolates was significantly high. MBL was the common β-lactamase detected among MDR A. baumannii (67.7%). ESBL was detected in 19.9%, AmpC in 38.5%, and KPC in 9.3% of MDR isolates. The co-production of different types of β-lactamases was also seen among some isolates. ESBL +AmpC co-producers were seen in 6.8%, ESBL+MBL coproducers in 5.0%, AmpC+MBL co-producers in 23.0% and MBL+KPC in 5.6% of MDR isolates (Table 4 ).
Discussion
Acinetobacter baumannii is an important nosocomial pathogen associated with a wide variety of illnesses in hospitalized patients especially in the intensive care units imposing a greater challenge to the patient's management and infection control. The worldwide emergence of MDR A. baumannii isolate is of great concern. 15 In our study, MDR A. baumannii was frequently isolated from respiratory tract specimens (47.2%), followed by pus and swabs (27.3%), body fluids (11.1%) and others. A study was done by Shrestha et al in 2015 15 from the same hospital also reported 49.18% of MDR A. baumannii from respiratory tract specimens and Samawi et al 16 from
Qatar reported 48.9% A. baumannii from respiratory tract infection. The demographic data in our study showed that a high prevalence of infections in male patients having age ≥65 years and a major of MDR isolates were from ICU patients because this bacteria have a predilection for higher age groups and severly ill ICU patients. The rate of MDR A. baumannii in our study is 91.0% which is extensively high. Also in the study done by Shrestha et al and Mishra et al, around 96% and 95% of A. baumannii were MDR, respectively. 17, 18 This high prevalence of MDR A. baumannii may be due to the high chance of dissemination of resistance gene and their ability to present everywhere in the hospital environment. The A. baumannii infection with high MDR isolates has also alarmed us that there is further need for extensive study and application of preventive measures to reduce such a fearful threat in hospitalized patients. Multidrugresistant A. baumannii isolates were found significantly resistant to carbapenems, aminoglycosides, and fluoroquinolone groups of antibiotics in this study. Almost all the MDR isolates 20, 21 Our result on the resistance rate to amikacin was 86.3% which is higher than 54% in the previous study from the same hospital. 18 The increasing emergence of highly aminoglycosides resistant strains is also the cause of major concern. In this study, 95.0% and 88.2% MDR A. baumannii were resistant to ciprofloxacin and levofloxacin, respectively. The fluoroquinolone resistance is increasing rapidly in clinical isolates in recent years because of their wide use in clinical medicine as broad-spectrum antimicrobial agents. In our study, polymyxin B and colistin sulfate showed excellent effect against MDR A. baumannii as none of the isolates was found resistant to colistin sulfate and polymyxin B. But, in the study of Joseph et al 22 and Al-Sweih et al, 23 20% and 12%
Acinetobacter spp. were resistance to colistin sulfate, respectively. However, the present study has showed a high antibiotic resistance rate against commonly used antibiotics and is a disadvantage for the health-care system in countries like Nepal as it can greatly affect patient management. This may be because of the intense use of the antimicrobial agents in the hospital, easy availability, and indiscriminate use of these drugs outside the hospitals, and many antibiotics are available over the counter for self-medication. The development of antibiotic resistance is associated with high morbidity and mortality in hospitalized patients, particularly in ICU settings. The decreased susceptibility of A. baumannii towards the third generation and fourth-generation cephalosporins could be attributed to ESBL or AmpC β-lactamase producers or as ESBL producers. Studies have demonstrated that the prevalence of ESBL varies from country to country and institution to institution in both nosocomial and community isolates. This may be ascribed to antibiotic prescribing habits and the presence of pathogens harboring the genes for ESBL production. Although there are no CLSI guidelines for the detection of the AmpC β-lactamases production, we have followed AmpC disk test. 13 In the present study, the prevalence of AmpC producing MDR A. baumannii was found 35.6%. Almost a similar prevalence of AmpC producing Acinetobacter spp. have been reported from the same hospital by Parajuli et al 24 However, in an Indian study, the higher rate (56%) of AmpC producing A. baumannii was documented. 26 Carbapenem-resistant Acinetobacter baumannii (CRAB) is included in priority 1 (ie, critical) of a global priority list of antibiotic-resistant bacteria to guide research, discovery, and development of new drugs by the World Health Organization. 27 Although there are different mechanisms for carbapenem resistance, the production of carbapenemases enzyme is the most effective mechanism. 9 The emergence of MBLs in A. baumannii is becoming a therapeutic challenge as these enzymes possess high hydrolytic activity that leads to degradation of higher generation cephalosporins and carbapenems. Furthermore, plasmid-mediated MBL genes spread rapidly to other species of gram-negative bacilli. 28 Therefore, rapid detection of MBL production is necessary to modify therapy and to initiate effective infection control to prevent their dissemination. In the current study, metallo β-lactamase (MBL) producing isolates were found common than ESBL and AmpC producers, where 67.7% MDR A. baumannii were MBL producers. In Nepal, few studies have been done on the prevalence of MBLs, Shrestha et al 29 reported 47.2% and Parajuli et al 24 reported
78.8% MBL producers in Acinetobacter spp. from the same hospital. In the study of Dey and Bairy, 30 MBL was reported only in 21.7% of Acinetobacter spp. The coexistence of multiple MBL genes in bacteria is an alarming situation. As MBL genes are associated with integrons that can be embedded in transposons, which in turn can be accommodated on plasmids thereby resulting in a highly mobile genetic apparatus, the further spread of these genes in different pathogens is likely to occur. This study also attempted to find out the KPC-producing isolates, where 9.5% MDR A. baumannii and some of them were also coproducing MBL enzyme. Although there was no single article regarding the detection of KPC from Nepal, Parajuli et al 24 recently reported KPC-producing Acinetobacter species from ICU patients. Most of the KPC-producing isolates have been reported from the USA, Greece, China, Israel, and Colombia. 31 Among carbapenemases, KPC has a high frequency and has been commonly found in Klebsiella pneumonia. 32 Among the β-lactamases producing isolates, some of the isolates were also co-producers of different β-lactamases and the MDR isolates producing two different types of β-lactamases showed high resistant profile. The spread of carbapenemase-producing bacteria throughout the world in recent years has been considered as a major threat to public health. After the carbapenem-resistant clones have emerged, leaving the hope of treatment of MDR A. baumannii infection is by the last resort of potentially toxic antibiotics such as polymyxin B and colistin sulfate. 33 The study shows infection with MDR A. baumannii is increasing at an alarming rate in our hospital. It has now become very important to control this situation before it takes a deadly shape. Therefore, rapid detection of the resistance determinants is necessary to modify therapy and to initiate effective infection control to prevent their dissemination.
Limitations
We could not evaluate the risk factors and outcomes of MDR A. baumannii infections in hospitalized patients due to the unavailability of sufficient data from the patients. Furthermore, genetic analysis of the resistant phenotypes and drug resistance mechanisms was not determined.
Conclusion
From the present study, it is clear that infections in hospitalized patients due to MDR A. baumannii are common. Rate of MBL, ESBL, and AmpC production among MDR isolates has highly increased and this bacteria may lead to high morbidity and mortality as we are left with the only option of treating them by potentially toxic antibiotics like colistin sulfate and polymyxin B and this is the vexatious problem for hospitalized patients. Established recommendations including proper detection of drug resistance in pathogens, antimicrobial restriction policies to avoid excessive use of broad-spectrum antibiotics, improving resistance surveillance systems, and rigorous infection control measures will help to control this situation.
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